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(54) Title: APPARATUS AND METHOD FOR CONNECTING WELLBORE TUBULARS 




(57) Abstract: The present invention discloses an apparatus 
and method for controlling a power tong unit having a power 
spinner and, in a preferred embodiment, three power jaws (12). 
The control system (10) controls grip pressure applied by a 
selected power jaw (12) to a first wellborc tubular to provide 
a relatively reduced grip pressure when the power spinner 
is activated to thereby rotate a second wellborc tubular at a 
relatively high rotation speed but with a relatively low torque. 
The control system (10) applies a relatively high grip pressure 
to two selected power jaws (12) used for applying high torque 
but a relatively slow rotation speed for Hnal making up or initial 
breaking out of the wellbone tubulars with respect to each other. 
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APPARATUS AND METHOD FOR CONNECTING WELLBORE TUBULARS 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a power tong for connecting and disconnecting wellbore 
tubulars and, more specifically, to apparatus and method for controlling a grip of each of a 
plurality of power jaws. 
Backgroxmd of the Invention 

The speed of connecting and disconnecting hundreds of wellbore tubulars makes a great 
difference in the time required to drill and bring a well into production. For instance, it is 
normally necessary to insert and remove the drill several times during the drilling process 
wherein numerous connections of the wellbore tubulars have to be made or broken. Due to the 
high cost of drilling equipment, it is therefore desirable to be able to make or break a connection 
as quickly as possible to keep drilling costs as low as possible. 

One apparatus known for making and breaking wellbore tubulars includes a frame that 
supports up to three power jaws and a power spinner each aligned vertically with respect to each 
other. An exemplary example of such an ^paratus is disclosed in U.S. Patent No. 5,386,746 and 
is incorporated herein by reference. Preferably such an apparatus should be able to spin one 
tubular with the power spinner at a relatively high speed but at a relatively low torque while 
holding another tubular fixed with one of the power jaws. The spin process continues imtil the 
two threaded tubulars shoulder up, e.g. until a pin shoulder engages the box shoulder. After 
shouldering up, the power spinner is stopped and two of the power jaws are xised to apply high 
torque to the connection or joint in a well known manner so the joint is securely fastened and 
sealed. The application of high torque continues to rotate the tubulars with respect to each other 
but at a very low speed of rotation. However, once the tubulars are shouldered it is not necessary 
to rotate but a relatively small amount so the low speed of rotation does not slow the process 
down. Likewise when breaking out joints, two power jaws apply a high torque to initially break 
the connection. Then the power spinner spins one tubular with respect to another tubular held 
by a power jaw until the threaded connection is completely disconnected. In this manner, the 
connectors can be quickly made or broken to save considerable time and money while drilling 
a well. 



wo 01/81047 PCTAJSOl/12704 

-2- 

It was found that with certain types of wellbore tubulars such as new types of wellbore 
tubulars, the two tubulars were not always shouldered up during the spinning process. Because 
the tubulars were not shouldered up during the spinning process, substantial additional rotation 
was required with the power jaws until the tubulars were properly tightened. Providing 
substantial additional rotation with power jaws tends to be a slowprocess. Locating the problem 
of not shouldering up is a difficult process which could result from many causes. For instance, 
due the vertically stacked nature of the power jaws and power spinner in conjunction with the 
drilling rig slips and elevator for holding the two tubulars there are many alignment factors that 
are difficult to isolate. Therefore, those skilled in the art will appreciate the present invention 
that addresses these and other problems. 

SUMMARY OF THE INVENTION 

The present invention provides for a power tong for making up and breaking out wellbore 
tubulars. The invention comprises a power spinner for spinning the wellbore tubulars and a 
plurality of power jaws. At least one of the plurality of power jaws is preferably operable for 
gripping a respective first of the wellbore tubulars with a fiurst grip pressure. The power jaw 
holds the respective &st of the wellbore tubulars when the power spinner is spinning a respective 
second of the wellbore tubulars. Each of the plurality of power jaws is preferably operable for 
gripping the wellbore tubulars v^th a second grip pressure for applying high torque to the 
wellbore tubulars. The second grip pressure is preferably greater than the first grip pressure. A 
grip control is preferably provided for controlling at least one of the plurality of power jaws for 
automatically producing the first grip pressure during the spinning by the power spinner. 

hx a presently prefened embodiment, the plmrality of power jaws includes three vertically 
oriented power jaws and the power spinner is preferably vertically oriented with respect to the 
three vertically oriented power jaws. A control unit may be provided to produce a control signal 
to activate the power spinner. The grip control is preferably responsive to the control signal to 
automatically shift to the first grip pressure. 

A pressure limiting valve for each power jaw may preferably be used for producing the 
first grip pressure. A grip cylinder is preferably used with each of the plurality of power j aws and 
the pressure limiting valve controls pressure to the grip cylinder to produce the first grip pressure. 
In a preferred embodiment, one pressure limiting valve is preferably responsive to air pressure 
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for controlling a hydraulic pressure. A grip cylinder valve may be used for controlling pressure 
to the grip cylinder to produce the second grip pressure. A frame for supporting the power 
spinner and the plurality of power jaws is preferably provided. 

In operation, a power spinner is provided for spinning a first wellbore tubular. At least 
one power jaw is utilized for gripping and holding in position a second wellbore tubular as the 
first wellbore tubular is spinning with respect to second wellbore tubular for making up or 
breaking out a threaded connection. The at least one power jaw holds the second wellbore 
tubular with a first grip pressure. At least two power jaws are utilized for applying high torque 
for a final making iq) or an initial breaking out of the threaded connection. The at least two 
power jaws grip respective of the first and second tubulars with a second grip pressure for 
applying high torque. A grip control circuit is provided such that the first grip pressure is reduced 
as compared to the second grip pressure whenever the power spirmer is spinning the first 
wellbore tubular. 

]n a preferred embodiment, a power spinner control circuit is provided that produces a 
spin control signal. The spin control signal is utilized to produce the first grip pressure. A grip 
cylinder provided for the.power jaw, and pressure to the grip cylinder is controlled in response 
to the spin control signal. 

In more detail, a power tong for making up and breaking out wellbore tubulars is provided 
with a fust power jaw having a fu'St gripping cylinder, a second power jaw having a second 
gripping cylinder, and a third power jaw having a third gripping cylinder. The first gripping 
cylinder controls a grip of the first power jaw, the second gripping cylinder controls a grip of the 
second power jaw, and the third gripping cylinder controls a grip of the third power jaw. A 
power spinner is used for spinning one of the wellbore tubulars while at least one of the power 
jaws grips another of the wellbore tubulars. A spinner control circuit activates the power spinner: 
A gripping control circuit for controls one of the gripping cylinders. The gripping control circuit 
is preferably operable for applying a first pressure to at least two of the gripping cylinders during 
a high torque operation for the making up or breaking out. The gripping control circuit is 
preferably responsive to the spinner control circuit for producing a second pressure smaller than 
the first pressure when the power spinner is activated and for applying the second pressure to at 
least one of the first gripping cylinder and the second gripping cylinder and the third gripping 
cylinder. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic showing a power jaw grip control circuit in accord with the present 
invention; 

FIG. 2 is an elevational view, partially in section, showing a power jaw in accord with 
the present invention; and 

FIG. 3 is an elevational view, of a power tonR apparatus in accord with the present 
invention. 

Following a review of the above drawings in conjunction with the following claims and 
description, various objects, features, and advantages of the present invention will become 
apparent to those of skill in the art. 

DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

Referring now to the drawings, and more specifically to FIG. 1 and 2, there is shown in 
FIG. 1 a grip control circuit 10 for controlling a power jaw such as power jaw 12 of FIG. 2. Grip 
cylinder 14 is used to apply a grip pressure to tubvdar 16 through power jaw 12. In a preferred 
embodiment, three power jaws are used that are substantially identical to power jaw 12. 

In the preferred embodiment, each power jaw 12 applies a grip pressure to wellbore 
tubular 16 as deteimined by a grip cylinder, such as grip cylinder 14 shown in FIG, 2, and such 
as bottom grip cylinder 18, middle grip cylinder 20, and top grip cylinder 22 shown in FIG, 1 . 
In FIG. 2, grip cylinder 14 is used to apply grip pressure to power jaw 12 through cylinder rod 
13. Referring to the schematic of FIG. 1, grip cylinders 18, 20, and 22 may preferably be used 
to operate power jaws such as bottom power jaw 24, middle power jaw 26, and top power jaw 
28, respectively, as shown in FIG. 3. 

Power spinner 29 is used for relatively low torque but relatively high speed spinning of 
wellbore tubulars such as tubular 31 with respect to wellbore tubular 33. Power spiimer 29 
quickly screws the connectors together prior to applying high torque to finally make the 
connection and quickly unscrews the connectors after applying high torque to initially break the 
connection. Referring to FIG. 3, it will be seen that in a preferred embodiment, frame 54 is used 
to support power jaws 24, 26, and 28 in a v^cal orientation. Likewise, power spinner 29 is 
vertically oriented with respect to the vertically oriented power jaws. Power tong unit 56 may 
typically be supported by cable 58 above rig floor 60. Slips 62 may be used to hold wellbore 
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tubular 33 and the rest of the tubular string that extends into the wellbore. Elevators (not shown) 
are used to lift and support wellbore tubular 31 into alignment with wellbore tubular 33 for 
threaded engagement. 

In grip control circuit 10 of FIG. 1, hydraulic fluid supply lines are generally indicated 
as solid lines and control lines are generaUy indicated in dash. Control lines could be air lines 
or hydraulic lines. Air logic is often conveniently used in wellbore areas where electric control 
lines could caxxse a spark. Valve 30 supplies hydraulic pressxire to bottom grip cylinder 18 to 
move cylinder rod 19 in and out. Valve 32 supplies hydraulic pressure to middle grip cylinder 
20 to move cylinder rod 2 1 in and out Valve 34 supplies hydrauUc pressure to top grip cylinder 
22 to move cylinder rod 23 in and out. Control line 36 activates valve 30, control line 38 
activates valve 32, and control line 40 activates valve 34. The control lines are activated as the 
respective power jaws are used. Two power jaws are used together for applying high torque to 
make or break cormections. Since middle power jaw 26 is opposing top power jaw 28 and 
bottom power jaw 28, middle power jaw 26 is used to apply high torque for both making and 
breaking connections. 

In the present invention, power spinner 29 is used with either lower power jaw 24 or 
middle power jaw 28 depending on whether the wellbore tubulars are being made up or broken 
out. The respective power jaws are used as a backup to grip and hold wellbore tubular 33 while 
power spinner 29 rotates wellbore tubular 3 1 . Hydraulic pressure is available through hydraulic 
pressure line 42 and hydraulic return line 44. In accord with the present invention, pressure 
reducing/relieving valve 46 may be activated to control or limit hydraulic pressure available at 
valve 30 and bottom grip cylinder 18 to control the grip pressure of bottom power jaw 24. 
Likewise, pressure reducing/relieving valve 48 may be activated to control or limit hydraulic 
pressmre available at valve 32 and middle grip cylinder 20 to control the grip pressure of middle 
power jaw 26. Pressure reducing/relievmg valves 46 and 48 are activated by control line 50 from 
control unit 52. In a preferred embodiment, control vmit 52 provides air logic for operating 
features of the power tong including power spiimer 29. Control unit 52 may also preferably 
control many other elements of the power tong unit. When control unit 52 produces a spin 
control signal on control line 50, then spinner 29 operates. Control line 50 is also coimected to 
activate reducmg/relieving valves 46 and 48 . Thus, grip control 1 0 is responsive to a spin control 
signal to decrease grip pressure at lower power jaw 24 and middle power jaw 26 when spinner 



wo 01/81047 PCT/USOl/12704 

-6- 

29 is spinning wellbore tubular 3 1 . When applying high torque, spinner 29 is not activated so 
the grip pressure at lower power jaw 24 and middle power jaw 26 will be higher. After extensive 
testing, it was finally discovered that the high grip pressure used for applying high torque may 
occasionally slightly distort certain wellbore tubulars, which may be of new design, during the 
spinning process when the pin and box threaded connectors are not mutually supported. 
Therefore, the wellbore tubulars did not shoulder up when spmning with power spinner 29. This 
necessitates extra rotation with power jaws that tends to be quite slow. By reducing pressure 
with valves 46 and 48 during the spinning mode only, testing showed that the problem was 
eliminated, hi a preferred embodiment of the invention, grip pressure on lower power j aw 26 and 
middle power jaw 28 was set at approximately 2000 psi on respective bottom grip cylinder 18 
and middle grip cylinder 20. It should be understood that the particular setting is nominal and 
that the appropriate setting will provide a grip pressure for the power jaw that is adequate to 
reliably grip the wellbore tubular without being so powerful as to distort the connector of the 
tubular. Thus, the present invention provides pressure reducing/reUeving valves to produce an 
automatic high/low grip pressure responsive to a spin signal that is preferably activated 
whenever the spiimer is activated. 

In summary, for high torque operation used to apply high torque to wellbore tubulars 3 1 
and 33, two selected valves 30, 32, and 34 are used to apply a relatively high grip pressure to two 
selected power jaws 24, 26, and 28 respectively depending on whether the wellbore tubulars are 
being made up or broken out The high torque operation has been known in the prior art. When 
power spiimer 29 is activated for relatively high speed rotation of wellbore tubular 31 with 
respect to wellbore tubular 33, then gripping pressure of the selected power jaw 24 or 26 used 
to grip and hold wellbore tubular 33 from spiiming is preferably automatically reduced. This 
automatic reduction is produced using spin control line 50 to activate pressure reducing/relieving 
valves 46 and 48 to thereby reduce grip pressure applied to the selected bottom grip cylinder 18 
or middle grip cylinder 20. As noted above, the appropriate power jaw is selected based on 
whether the wellbore tubulars are being made up or broken out. Thus, whenever power spirmer 
29 is activated to spin wellbore tubular 3 1 , then the appropriate po wer j aw grips wellbore tubular 
33 with a reduced pressure grip. 

Those skilled in the art will appreciate that many modifications could be made to the 
present invention without changing the spirit of the invention. For instance, the particular 
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hydraulics and air controls of the present mvention could be changed so that a different control 
circuit is provided that performs the same function of reducing the grip pressure of the power 
jaw. Different arrangements of power jaws could be used with the present invention such as 
having two po wer j aws instead of three. As well, while an automatic control responsive to power 
spinner activation is preferred, the grip control could be manual or separately activated. 
Therefore, it will be understood that the present invention is descriptive only of a presently 
preferred embodiment and that many variations size, shape, orientation, materials, arrangement, 
types of controls, and the details of the illustrated construction could be made without departing 
from the spirit of the invention. 
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CLAIMS 

I claim: 

1 . A power tong for maldng up and breaking out wellbore tubulars, comprising: 
a power spinner for spinning said wellbore tubulars; 

a plurality of power jaws; 

at least one of said plurality of power jaws being operable for gripping a respective first 
of said wellbore tubulars with a first grip pressure for holding said respective first of said 
wellbore tubulars when said power spiraier is spinning a respective second of said wellbore 
tubulars; 

each of said plurality of power jaws being operable for gripping said wellbore tubulars 
with a second grip pressure for applying high torque to said wellbore tubulars, said second grip 
pressure being greater than said &st grip pressure; and 

a grip control for controlling said at least one of said plurality of power jaws for 
automatically producing said first grip pressure during said spinning by said power spinner. 

2. The power tong of Claim 1 , fiirther comprising: 

said plurality of power jaws including three vertically oriented power jaws; and 
said power spinner being vertically oriented with respect to said three vertically oriented 
power jaws. 

3. The power tong of Claim 1 , further comprising: 

a control unit to produce a control signal to activate said power spinner, said grip control 
being responsive to said control signal to automatically shift to said first grip pressure. 

4. The power tong of Claim 1 , wherein said grip control further comprises: 
at least one pressure limiting valve for producing said first grip pressure. 

5. The power tong of Claim 4, further comprising: 

at least one grip cylinder secured to said at least one of said plurality of power jaws, said 
at least one pressure limitmg valve controlling pressure to said at least one grip cylinder to 
produce said first grip pressure. 
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6. The power tong of Claim 4, wherein: 

said at least one pressure limiting valve being responsive to air pressure for controlling 
a hydraulic pressure. 

7. The power tong of Claim 5, further comprising: 

at least one grip cylinder valve for controlling pressure to said at least one grip cylinder 
to produce said second grip pressure. 

8. The power tong of Claim 7, further comprising: 

a frame for supporting said power spinner and said plurality of power jaws. 

9. A method for making up and breaking out threaded connections for wellbore tubulars, 
comprising: 

providing a power spinner for spinning a first wellbore tubular; 

utilizing at least one power jaw for gripping and holding in position a second wellbore 
tubular as said first wellbore tubular is spiiming with respect to second wellbore tubular for 
making up or breaking out a threaded connection, said at least one po wer j aw holding said second 
wellbore tubular with a first grip pressure; 

utilizing at least two power jaws for applying high torque for a final making up or an 
initial breaking out of said threaded connection, said at least two power jaws gripping respective 
of said first and second tubulars with a second grip pressure for said applying of high torque; and 

providing a grip control circuit such that said first grip pressure is reduced as compared 
to said second grip pressure when said power spinner is spinning said first wellbore tubular, 

1 0. The method of Claim 9, further comprising: 

providing a power spiimer control circuit to produce a spin control signal, and 
utilizing said spin control signal to produce said first grip pressure. 

1 1 . The method of Claim 10, further comprising: 

providing a grip cylinder for said at least one power jaw, and 
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controlling pressure to said grip cylinder in response to said spin control signal. 



12. The method of Claim 9, further comprising: 

providing a frame for supporting said power spinner and said at least two power jaws. 

1 3 . The method of Claim 9, further comprising: 

providing three power jaws vertically oriented with respect to each other, and 
providing said power spinner vertically oriented with respect to said three power jaws. 

14. A power tong for making up and breaking out wellbore tubulars, comprising: 
a first power jaw havuig a first gripping cylinder; 

a second power jaw havuig a second gripping cylinder; 

a third power jaw having a third gripping cylinder, said first gripping cylinder controlling 
a grip of said first power jaw, said second gripping cylinder controlling a grip of said second 
power jaw, said third gripping cylinder controlling a grip of said third power jaw; 

a power spinner for spinning one of said wellbore tubulars v/tnle at least one of said first 
power jaw or said second power jaw or said third power jaw grips another of said wellbore 
tubulars; 

a spinner control circuit for activating said power spinner; 

a gripping control circuit for controlling said first gripping cylinder and said second 
gripping cylinder and said third gripping cylinder, said gripping control circuit being operable 
for applying a first pressure to at least two of said first gripping cylinder and said second gripping 
cylinder and said third gripping cylinder during a high torque operation for said making up or 
breaking out, said gripping control circuit being responsive to said spinner control circuit for 
producing a second pressure smaller than said first pressure when said power spinner is activated 
and for applying said second pressure to at least one of said first gripping cylinder and said 
second gripping cylinder and said third gripping cylinder. 



15. The power tong of Claim 14, fiirther comprising: 
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one or more main valves for said gripping control circuit for said applying of said &st 
pressure to at least two of said first gripping cylinder and said second gripping cylinder and said 
third gripping cylinder during said high torque operation for said making up or breaking out. 

16. The power tong of Claim 14, further comprishig: 
a first main valve for said first gripping cylinder, 

a second main valve for said second gripping cylinder, and 
a third main valve for said third gripping cylinder. 

17. The power tong of Claim 14, wherein said gripping control circuit includes a pressure 
limiting control responsive to said spinner control circuit 

1 8. The power tong of Claim 1 7, further comprising: 

one or more secondary valves for said pressure limiting control for said applying of said 
second pressure instead of said first pressure to at least one of said first gripping cylinder and said 
second gripping cylinder and said third gripping cylinder when said power spinner is activated 

1 9. The power tong of Claim 1 8, wherein said one or more secondary valves of said pressure 
limiting control are operable to apply said second pressure to at least two of said first gripping 
cylinder and said second gripping cylinder and said third gripping cylinder. 

20. The power tong of Claim 18, further comprising: 

a first secondary valve for said first gripping cylinder, and 
a second secondary valve for said second gripping cylinder. 
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